Seismic series can be taken as examples of correlated unstationary sets of timestochastic sequences. We investigate the possibility of estimating what is most probable to occur subsequently, if we know the events that have occurred up to a given moment.
INTRODUCTION
, Geller (1991) , Godano et al. A notable characteristic of certain regions is that the seismicity (1993) , Hong & Guo (1995) , Jones (1994) , Kagan (1990 Kagan ( , 1993 , that occurs within them develops in the form of seismic , Kagan & Knopoff (1977 , series. The study of earthquakes, whether they belong to a 1987), Keilis-Borok et al. (1988) , Keilis-Borok & Rotwain seismic series or occur as single events, can be considered in (1990) , Maeda (1996) , Molchan & Kagan (1992) , Mulargia two distinct although complementary ways. The first type of (1992), Ogata (1988) , Ogata et al. (1996) , Rundle (1993) , Udías method involves studying the geological, physical, geophysical & Rice (1975) , Vere-Jones (1978 , 1992 and Wallace et al. (1984) . and geochemical phenomena that take place before, during or Deterministic methods have been used in many different after the occurrence of earthquakes. These are deterministic fields, and the stochastic methods owe their existence to the methods. On the other hand, bearing in mind the facts that complexity of seismic phenomena, and the inherent difficulties an earthquake is the result of a very complicated and nonin the study of their causes. Stochastic methods can be applied linear dynamic process (Feng et al. 1997) , the complexity of to any seismic series, irrespective of their genesis or source. the cause-effect relations that give rise to the seismic series
In this work, we apply three stochastic techniques to data of the seismic series that is currently developing in the Alborán Sea, (Posadas et al. 1993a,b) , and the problems that result from the absence of information about the specific causes that generate near the coastlines of Almería and Granada (south of Spain). These techniques are the use of conditional geostatistical simuthe earthquakes , an alternative approach is to study the behaviour of a seismic series using stochastic methods lation to calculate the probabilities of occurrence of earthquakes belonging to a seismic series (see previous article by Torcal et al. (Torcal et al. 1996) . To quote , 'since there is no comprehensive theory of earthquake occurrence, 1999) , the stochastic analysis of the release of energy inside a seismic sequence by means of the energy packages method, proposed earthquake prediction techniques must be validated statistically'. There have been numerous studies using stochastic and the temporal simulation of the possible next earthquake from a seismic sequence ( Varnes & Bufe 1996) . methods, including (in alphabetical order) those of Agnew & The seismic sequence began on 1997 June 24, and 15 days and Málaga (southern Spain) and in some cities inland of these provinces. The day with the most important seismic activity was later it was verified, by the stochastic analysis of energy release, that at that moment not all the energy had been released, and 1997 July 27, and a further two earthquakes of m d ≥4.1, occurred. Fig. 2 shows the sequential evolution of magnitude for each the time of occurrence of the probable next earthquake was calculated. Moreover, the occurrence likelihood of an earthearthquake. In Fig. 3 the temporal evolution of magnitude can be seen. The difference from Fig. 2 is that the horizontal axis quake of magnitude lower than or equal to a given value was calculated by means of conditional geostatistical simulation.
represents the time, in days, of occurrence of every earthquake, measured from the first day of the series. This figure provides an image of the dissipation of energy rate, depending on the 2 THE ALBORAN SEA SEISMIC moment that it is observed. It can be clearly seen that the major SEQUENCE ( 1997 JUNE 24 -?) energy release occurred during July 2 and 3, days 8 and 9 from the beginning of the series, including four earthquakes of magniThis seismic sequence was recorded from 1997 June 24 at the 'Red Sísmica de Andalucía' (Alguacil 1986; Alguacil et al. 1990) , tude greater than or equal to 4.0 and other minor magnitude earthquakes. In the last part of the seismic series, the seismic operated by the 'Instituto Andaluz de Geofísica', with an initial earthquake of magnitude duration m d =2.9 (De Miguel et al. activity seems to decrease. The energy release continues, and at the present time it cannot be said that it is finished. 1988). From that day on, a series of seismic events developed for several days-the data can be seen in Table 1, and the It is important to underline that when the calculations and simulations were performed, we only knew the earthquakes location map is displayed in Fig. 1 . The earthquake of greatest magnitude, m d =4.5, occurred on 1997 July 27. This earthquake that had occurred prior to 1997 July 9; that is, from the first earthquake to number 59 (see Table 1 ). Calculations were was felt (degree IV-V on the MSK scale) by many people in several cities located near the coastline of Almería, Granada performed between 1997 July 10 and 11. Earthquakes 64 to 68 are the ones that occurred after the earthquakes predicted, the most probable time of occurrence. We have taken into account, as De Miguel (1976) explained, that in the Betic numbers 60, 61, 62 and 63, and they complete the data known to date.
Cordilleras area the variable magnitude is not independent of the temporal one. By applying the conditional geostatistical simulation, the 3 CALCULATING THE LIKELIHOOD OF likelihood of earthquake occurrence following earthquake OC CURRENCE OF AN EARTHQUAKE OF number 59 (see Table 1 ) was calculated. Matheron (1972 Matheron ( , 1973 , MAGNITUDE LESS THAN OR EQUAL TO Journel (1974 ), Marechal (1975 , Journel & Huijbregts A GIVEN MAGNITUDE (1978 ), Chica Olmo (1987 , Pardo-Igú zquiza (1989) , PardoIgú zquiza & Chica Olmo (1989) , Pardo-Igú zquiza (1991) Earthquake magnitude prediction is of vital importance for human safety (Feng et al. 1997) , and likewise knowledge about and Pardo-Igú zquiza et al. (1992) give a detailed development of this method, but the main aspects are explained in Torcal histogram and the cumulative histogram of data are shown. In addition, a box-plot graph is displayed at the top, indicating et al. (1999) . The prediction was performed prior to the actual earthquake occurrence, and considering only the existing the minimum, 25th percentile, median, mean, 75th percentile, and maximum values of the magnitudes used in the simulation structure among all available data, inferred from the variogram function (Matheron 1965) . Since the variogram summarizes process. The magnitude data present a right bias. These basic statistical data, together with the standard deviation, variance, the relationship between the variance of the difference between measurements and the distance of the corresponding points coefficient of variation, third-order central moment, coefficient of skewness, fourth-order central moment, and the coefficient from each other, this method can be applied to seismic series of either high-or low-magnitude earthquakes. In Fig. 4 the of kurtosis are given in Table 2 . Numerical values for all these data can be found in Table 2 . The calculations were performed making 100 simulations cent of the value of the sill, 0.301, is reached) equal to 14.4. Note that the most important points that must be correctly for each case considered. In Fig. 5 , the experimental variogram function calculated from the first 59 data is displayed, along fitted are those before the variogram reaches the sill value; in the present case, all points whose step h is less than 26. The fact with the corresponding fitted theoretical one, in this case a Gaussian variogram with a sill (the place where the variogram that the variogram reaches the sill value indicates that the maximum variability, or equivalently the minimum correlation, develops a flat region or, equivalently, where the variance no longer increases) equal to 0.326, a theoretical range (the has been reached. The correlogram corresponding to this variogram is shown in Fig. 6 , and, as can be seen, at a distance distance between locations beyond which observations appear independent and the variance no longer increases) equal to h greater than 25 the correlation is lost. All these data, together with the number of pairs that were involved in the calculation 8.3, and a practical range (the value of range in which 95 per for every case, and the absolute and relative errors of fitting, are certainty greater than 96 per cent, and so on by using the next two, three, four etc. earthquakes. We can observe in the same included in Table 3 . We can calculate for points with distance or step h=1, 2, 3, 4 that the correlation is 96.7, 93.4, 86.2 figure that the fit between points of the experimental and theoretical variograms is good enough for the first points, until and 76.0 per cent, respectively from the correlogram function. These values mean that it is possible to perform the simulation the value of the step h equals 26, the point at which the sill value has been reached. The step h indicates in this case the number for the earthquake next to a given one with a certainty greater than 96 per cent, or for the next two earthquakes with a of earthquakes. These facts show us that the simulated values from the conditional geostatistical simulation method will be a certainty greater than 93 per cent, and so on. In the same way, if we use only the earthquake nearest to another one good fit to the real ones, as long as the seismic series continues as before and there are no abrupt changes during its evolution. (in sequence order), the simulation can be performed with a Using these parameters, 100 simulations of magnitude for reliability. This has also enabled us to make all calculations prior to the occurrence of the earthquakes. each earthquake considered were carried out (Pardo-Igú zquiza et al. 1992).
With the results achieved, we calculated the likelihood 4 STOCHASTIC ANALYSIS ON THE curves displayed in Fig. 7 for earthquakes 60, 61, 62 and 63 ENERGY RELEASE IN A SEISMIC respectively. The figure shows the likelihood of occurrence SEQUENCE: ENERGY PACKAGES METHOD for an earthquake of magnitude less than or equal to a given one, and the actual magnitude value of the earthquake that
In the study of the seismic series using stochastic methods the sequence of the earthquake magnitude in time has been occurred. As was mentioned above, the good fit of the variogram up to a range of 26 earthquakes allows us to perform considered as a problem of temporal series (Feng et al. 1997) .
In this sense, some authors tried to associate the behaviour calculations for the next three earthquakes with a good Figure 7 . Occurrence likelihoods for an earthquake of magnitude less than or equal to a given magnitude. They were calculated prior to the occurrence of earthquakes by conditional geostatistical simulation for earthquakes numbers 60 (squares), 61, 62 (circles for both) and 63 (triangles) belonging to the Alborán Sea seismic series. The probability curves for earthquake numbers 61 and 62 coincide almost exactly. of a seismic series with known statistical distributions and so Kagan's (1991) proposal points towards the fact that the liberation of energy in a seismogenetic zone with very precise carried out an analysis of seismic risk. Many of them understood and specific fault characteristics should have similar values this behaviour with a stationary Poisson process (e.g. Cornell each time seismic activity occurs. Nevertheless, the complexity 1968; Der Kiureghian & Ang 1977; De Miguel 1980) , given its of the rupture process means that this liberation of energy simplicity and ease of application (Hong & Guo 1995) . This occurs in a different way each time; that is, with a different hypothesis is interesting due to the stationarity and independence earthquake and microearthquake sequence. If we designate of this process, which means that the future seismic behaviour as main earthquakes those whose magnitude is greater than of a region would be similar to that shown in the past a threshold magnitude and the majority of the magnitudes (De Miguel 1980) . Nevertheless, the veracity of the previous of the other earthquakes are below this value, we have found hypothesis is frequently restricted to the time interval in which that the sum of the energy liberated by the set of earthquakes there is exponential distribution in the sequence of the magnithat precede a main earthquake and that of the main earthtudes, and at the same time the quantity of earthquakes quake is approximately constant. This result suggests that such presents a Poisson distribution. As a result of this, the eartha quantity of energy should have a specific name and we have quake clusters, according to De Miguel (1980) , cause an opted for the expression 'energy package'. In this sense, and inhomogeneity in the series, in that they affect considerably taking into account the above points, a seismic series would the stationarity of the temporal intervals. Because of this, this be considered as a set of energy packages that respond to a hypothesis cannot be applied to the temporal intervals; howcomplex rupture. ever, it can be applied to the quantity of events of temporal This method is based on estimating the energy packages series of earthquakes. De Miguel (1976) affirms that not all that are defined at a given time in a seismic series. If, at this catalogues follow the Poisson process, proposing as the most time, as is the case for the seismic series that we are studying, probable reason for this the undiscriminated use of earthquakes we have defined several energy packages and the seismic with different energy characteristics and that the process of activity has produced several earthquakes after the last defined generation of earthquakes is quite complex.
package, then this will probably have to be completed with Distribution functions of various types have been used to fit yet another energy package. If we estimate the most probable the sequence of magnitudes of the seismic series as exponential total energy for this package, and the energy dissipated by the (De Miguel 1980), Weibull (De Miguel 1980; Hong & Guo earthquakes that have taken place up until that moment, the 1995), gamma (Kagan 1991) , etc.
latter can be subtracted from the former and in this way we In an infinite series of earthquakes, either the lapse times or obtain the energy that needs to be released in order to complete the quantity of earthquakes can be used to characterize the the energy package. This energy can be released either in the process because there is a relation between them; if the series form of one earthquake or in the form of several. To distinguish is finite, however, the relation depends on the length of the between the two possibilities is neither easy nor instantaneous process, which makes it necessary to analyse both (Cox & and to do so we propose the study of the evolution of the last Lewis 1966). In general, the lapse times can be used for a microearthquakes of the series in order to be able to estimate the scopic analysis while the number of events offers a macroscopic most probable behaviour that follows this tendency. description of the series (De Miguel 1980) .
In the present seismic sequence there are four earthquakes As previously indicated, there have been numerous attempts that stand out from the rest, with magnitudes equal to or to model the magnitudes of a seismic series using fittings to greater than 4.0 degrees on the Richter scale. They were taken distribution probability functions of very different types. The as the main earthquakes. If we consider the energy released by results obtained have not permitted a complete and convincing each of these earthquakes and the earthquakes preceding them, explanation of the temporal variations of the magnitude of a expressing it as the energy released by an equivalent-magnitude seismic series, even once the series has occurred. This confirms earthquake, we obtain the values shown in Fig. 8 . The values that the occurrence of an earthquake does not follow one of these energy packages are very similar, although not exactly simple law, and it is not correct to consider each earthquake the same. We consider four energy packages in the Alborán as an event that is independent from the others. In fact, there Sea series delimited by the earthquake numbers 13, 22, 31, and is a structure in the occurrence of the earthquakes of a seismic 49 (see Table 1 ), whose magnitudes are 4.5, 4.3, 4.1, and 4.0 series, which is shown by the existence of the variogram respectively. The energy of each package is that equivalent to function. In this sense, Kagan & Knopoff (1981) and Kagan an earthquake of magnitude 4.54, 4.30, 4.12 and 4.08 (Fig. 8) , (1982, 1991, 1992) suggest that the usual division of earthquake with differences among them equal to 0.24, 0.18 and 0.04 sequences into individual earthquakes, which is the basis for degrees. It seems that these values are decreasing slightly. If the information in seismic catalogues and for distribution studies we consider that the series follows this trend, the next energy of the size of earthquakes, can be arbitrary. The identification package value can be estimated in two ways: (1) searching of individual shocks in complex rupture processes is not simple.
for the best-fitting curve by means of any non-linear fitting Moreover, detailed studies on earthquakes that initially seem program and calculating the next value from the equation of to be simple events generally reveal (Kagan 1991 ) a complex the curve, or (2) calculating the mean for the values known. structure with multiple shocks.
The number of energy packages that appear in the Alborán Kagan (1991) proposed considering a complete sequence Sea series for each threshold magnitude considered can be of earthquakes as a single process, without dividing it into seen in Fig. 9 . foreshocks, earthquake or main earthquakes, and aftershocks.
Applying the first method, the next package must be equal He affirmed that the rules of dependent shock identification to an energy equivalent to a 4.06 magnitude earthquake. By should be formalised, to identify the individual earthquakes, the second method, the mean value for the four energy packages is equivalent to a 4.26 magnitude earthquake. and add their seismic moment to the moment of the main quake. Once all the above has been considered, we can infer that the case, and between 4.04 and 4.44 (4.24±0.20), for the second case, would be necessary to complete the energy package. next energy package will have an energy equivalent to that estimated. In this case, we can consider an energy equivalent From a study of the Alborán Sea series evolution (Fig. 2 or 8) , however, it was considered rather improbable that the magnito that of an earthquake of M=4.06±0.02 (0.02 being the accuracy in determining the magnitude, since all data are tudes of the earthquakes would continue to increase, as this would contradict the trend seen so far. For this reason, we equal to or greater than magnitude 2) in the first case, or M=4.26±0.18 (0.18 being the standard deviation of the deduced that a release of an amount of energy equivalent to that of an earthquake of M=3.9-4.0, would be more likely values from which the magnitude was calculated) in the second case. As can be seen from the above figures, the seismic to occur. sequence has a trend of decreasing magnitude of major earthquakes. In addition, we can verify that, within the intervals 5 CALCULATION OF THE SEISMIC bounded by these earthquakes, the number of minor magnitude ENERGY LIBERATED earthquakes continues to increase.
At the time when the calculations were carried out, 15 days To be able to calculate the energy dissipated in each package we have to take into account several important factors. The after the seismic series began, the actual energy package had released an amount of energy equivalent to that of an earthmeasurement of the size of the earthquakes is difficult to quantify. Normally, magnitude is used as a parameter that allows us to quake of magnitude 3.41 (earthquakes 50 to 59, inclusive). For this reason, the release of an amount of energy equivalent to compare earthquakes of different sizes. This parameter should be correctly established for a given zone, as is the case for that of an earthquake of magnitude between 4.02 and 4.06 (4.04±0.02), if we consider the accuracy range for the first the South of Spain (De Miguel et al. 1988) . The measurement that is usually provided by the seismic networks to express define the temporal interval in which the next seismic event will occur, we have to consider that the liberation of energy the size of the earthquakes is the magnitude-the most usual types being these based on the duration of the recordings, can take place in the form of either one earthquake or several smaller ones whose total energy will be that necessary to comm d , calculated from data provided by internal waves, m b , or calculated from the data provided by the recordings of the plete the energy package. This will depend on the behaviour of the individual seismic series, and so we have to analyse the superficial waves, M S . Although magnitude is a parameter that enables us to evolution of each case separately. For this reason, when the temporal interval until the compare the sizes of the earthquakes and also to express to a certain extent the energy that is liberated, it is not possible to probable next earthquake is calculated, we cannot predict how the energy will be liberated in that interval, whether it will be use it directly, for example to add the energies of several earthquakes and obtain the energy equivalent to all of them, through only one earthquake or in the form of several smaller magnitude earthquakes. due to the fact that its scale is logarithmic and not linear. To be able to carry out these operations it is necessary to convert
It is important to remember that we have to start from a knowledge of some data of the seismic series, and from these magnitude into energy. Later, once the required operations have been carried out, the inverse process is carried out in data be able to deduce the behaviour of the data in the near or distant future. The number of data that we should know, as well order to convert energy back into magnitude. In this way we can calculate the sum of the energies of several earthquakes as the period over which we can calculate the occurrence time of the next or the most probable next earthquake, depend on and express it in the form of a magnitude, which indicates the magnitude of an earthquake whose energy liberated would the evolution of the seismic series. There are no pre-established values of these parameters, since it will be the structure of the have been equivalent to the sum of energies of all the earthquakes considered: this is referred to as the equivalent magnidata at a set time, just as was seen in the calculation of the magnitude, that will determine these parameters. tude. To make this process possible we have to convert magnitude into energy, normally expressed as the seismic Varnes & Bufe (1996) proposed a stochastic method of an empirical character to determine the occurrence time of the moment M 0 released. This conversion is carried out using the following expression: most probable next earthquake within a seismic series. We propose a variation on this technique that involves extending log M 0 =cM+d , ( 1 ) the concept of liberated energy for one earthquake to all those where M 0 is the scalar seismic moment expressed in newton that make up an energy package. metres (N m), M is the magnitude of the earthquake, c is a
In this way, the temporal value obtained is interpreted as coefficient in the relation between the magnitude and the scalar the maximum time in which the energy, calculated according seismic moment, and d is a constant.
to the conditional geostatistical simulation of the seismic Just as Kagan (1991) affirms, the values used with greatest series (Section 2) and the technique of the calculation of the frequency are those provided by Kanamori (1977) , c=1.5 and energy dissipation of the seismic series using energy packages d=9.1. These are the same values as used by Varnes & Bufe (Section 3), must be dissipated. Within a period of time thus (1996) . Since they are the values most commonly used and determined, several earthquakes can occur, but the total energy accepted in the scientific field, they will be the ones used in will be equivalent to that which remains to complete the this study.
energy package that is being considered.
Expression (1), as well as the values of the parameters
The technique proposed by Varnes & Bufe (1996) preimplied in it, are the result of the fit using regression of many supposes knowledge of the data up to a given moment in a seismic data all over the world (Kanamori & Anderson 1975;  seismic series. These authors show that the temporal evolution Kanamori 1977; Ekströ em & Dziewonski 1988) .
of the accumulated value of the liberated energy, measured In this study the following expression will be used:
as seismic moment, takes place in the form of sharp leaps coinciding with the occurrence of the most significant earth-
quakes. The technique establishes the temporal interval between where M 0 is the scalar seismic moment expressed in newton these leaps, and the points determined by each time value by metres (N m), and m d is the magnitude in terms of the duration coordinate x and the following time value by coordinate y, of the earthquake (De Miguel et al. 1988) .
(T i , T i+1 ), are represented in a graph. In this way, we obtain a From expression (2) it is easy to deduce the equivalences graph that contains a series of points to which a straight line between magnitude and seismic moment and vice versa:
can be fitted. The knowledge of this straight line with its fitting parameters is the tool that provides an estimation of the
interval in which the next earthquake is most likely to take place.
Once more we must insist that this method will be valid if the behaviour of the seismic series follows the rules that have been considered up until now, without experiencing abrupt 6 TIME FORECAST OF THE MOST geological changes; that is, for example, if a different system of PROBABLE NEXT EARTHQUAKE fractures were to begin or there was a sudden change in the stress system. Following the explanation in Section 3, we consider that a seismic series is not merely a succession of apparently chaotic
The Varnes & Bufe (1996) method is based on the analysis of the time interval in which an important leap in the energy earthquakes, but rather that it is made up of earthquakes that together liberate a specific amount of energy, the energy is produced during the evolution of the seismic sequence. First, we must calculate the cumulative growth of the seismic moment packages previously defined. For this reason, when we have to M 0 released throughout every earthquake of the series, from the Betic Cordilleras, southeastern Spain ( Vidal 1986). Varnes & Bufe (1996) verified that the time intervals decreased with a the earthquakes' magnitudes using (3). This evolution is displayed in Fig. 10 , where the time in days from the origin of certain regularity. In the same way, if we consider the data of the Alborán Sea series, and plot the time T i as the x coordinate the series is shown on the horizontal axis, and the cumulative sum of square roots of M 0 , S √M 0 , is on the vertical axis. and the next event time T i+1 as the y coordinate, it can be verified that all the points have a linear trend, as can be seen Note that this figure spans the interval from 8 to 15 days after the origin time of the series, in order to obtain best graphical in Fig. 11 . The fitted straight line equation is resolution. During the initial earthquakes, the growth of the
seismic moment is not very significant, and is produced during a relatively long interval of time. In Table 4 , the characteristics and the fit parameters can be summarized as a correlation coefficient r=0.992. From these data it can be inferred that of these time interval can be seen. The calculated energy of the earthquakes within each interval, given as the magnitude the next event time would be T 6=44.069±0.969 days from the origin of the series, corresponding to 1997 August 7. The of an earthquake that would release an equivalent energy, is also included. The mean value is 4.02. Unlike in the work of confidence interval achieved is shown by the straight lines fitted by infra-estimation and over-estimation in Fig. 11 . The Varnes & Bufe (1996) , where time intervals from a volcanic seismic series decrease over time, in the Alborán Sea seismic lower value for estimation is 43.100, corresponding to 1997 August 6, and the upper value is 45.038, corresponding to series the time intervals increase over time. This is a characteristic of the tectonic seismic sequences that have occurred in 1997 August 8. T that bound the intervals I in which the energy leaps are produced are also marked. It can be seen that the interval longitudes increase as the series develops. There are 59 earthquakes known at this moment (1997 July 9). Table 4 . Data of the temporal intervals defined from the leaps during the release of energy of earthquakes in the Alborán Sea seismic series, south Spain (1997 June 24-?), used to calculate T 6. Figure 11 . Calculation of T 6. The best line is fitted to the points defined by one time and the next derived, from the cumulative growth of the square root of the seismic moment M 0 over time for the Alborán Sea seismic series. The last time known prior to the present time was T 6; from this and with the equation of the fitted line, the time of the next possible interval T 6 is calculated. In the actual case, T 6=44.069 days from 1997 June 24 (the origin day of the seismic series), which corresponds to 1997 August 7. Fitting error lines are also given. August 7, m d =3.8. If we sum the energy released by these 7 RESULTS ACHIEVED: COMPARISON four earthquakes, we obtain an energy equivalent to that of BETWEEN THE CALCULATIONS an earthquake of magnitude 3.85 (see Table 5 ).
PERFORMED AND THE ACTUAL VALUES
Time forecast results are shown in Table 6 . As can be seen, the difference between the actual time and the time estimated The Red Sísmica de Andalucía (Andalusian Seismic Network; Alguacil 1986) continued recording the seismic activity on a is 17 h and 38 min. It was possible to perform this calculation on July 9; that is to say, 291 2 days (last interval length of daily basis. The Alborán Sea seismic sequence activity stopped, apparently on 1997 July 9. There were no earthquakes, as Table 4 ) before the real occurrence.
From the calculations performed above, we concluded that can be seen in Table 1 , until 1997 July 29, when an earthquake of 3.2 degrees of magnitude occurred. The next earththe release of energy equivalent to that of an earthquake of magnitude 3.9-4.0 may have taken place prior to 1997 quakes occurred on July 31, m d =2.7, August 4, m d =2.8 and August 7. We also show the results of the likelihood calculations of probable magnitudes that were performed on 1997 July 11, Table 5 . Results from calculations of energy that must be released in the energy package: [Energy that must be released in the package]= from data occurring prior to July 9, 15 days after the origin of the series (Fig. 7) .
until the present].
NEXT SIMULATION
Energy is expressed as the magnitude of an earthquake that would release an equivalent amount of energy.
Using the data of earthquakes occurring up to 1997 August 7, Energy released until the present moment (1997 July 9)=3.41 the energy leaps are delimited by their time intervals from the calculation of the cumulative seismic moment (Fig. 12) . With
Whole amount of energy of Energy that must these data set out in detail in Table 7 , a straight line is fitted the package calculated be released 4.1 4.07 to the points displayed in Fig. 13 :
3.9 3.84
The error straight lines are not shown because they are
Energy of the package, calculated from earthquakes that actually virtually the same as the fitted straight line, due to the small occurred (from 60 to 63 in Table 1): error. From the fitted line (6), which has a correlation 3.85 coefficient of r=0.999, and adding the T 6 value, the T 7 value of the most probable next earthquake can be obtained. The means of several minor earthquakes whose total energy is equivalent to that given. In view of the seismic sequence trend, calculated value of T 7 is equal to 204.028 days from the series origin, which corresponds to 1998 January 14. The confidence the second hypothesis seems the most probable, assuming that the series will continue with the same behaviour. It seems most interval is between 203.555 and 204.502 days from the origin series, corresponding to 1998 January 13 and 14, respectively.
probable that the interval time will have an energy equivalent to that of an earthquake of magnitude 4.04±0.02 (first case) The calculation of the energy package that must be released can be seen in Table 8 . The first column indicates the energy or 4.24±0.20 (second case), and it will still have to release an amount of energy equivalent to that of a 3.9 magnitude that could be released during the time interval in the leaps that we are considering at present. The second column shows the earthquake. Furthermore, it could be considered that the stronger earthquake expected was of magnitude 3.9, with a energy released by the earthquakes occurring prior the moment when the calculations are performed. In the last column, confidence interval between magnitude 3.5 and 4.1. the energy that must be released is displayed. In all cases the energy is given as the magnitude of an earthquake that releases 9 CONCLUSIONS an equivalent energy.
The energy that remains will be released by means of an An agreement has been found between the magnitudes and times calculated and the actual magnitudes and times. It may earthquake of a magnitude equal to the one specified, or by Figure 13 . Calculation of T 7. The best line is fitted to the points defined by a time and the next derived from the cumulative growth of the square root of the seismic moment M 0 over time for the Alborán Sea seismic series. The last time known prior to the present time was T 6; from this and with the equation of the fitted line, the time of the possible next interval T 7 is calculated. For clarity, only the label times of the last three points are given. The error fit lines are not illustrated either, because they are virtually coincident with the fitted line. Now we know the last interval time, T 6, we can infer that the possible next leap of energy will be T 7=204.028 days (1998 January 14), with a confidence interval between 203.555 (1998 January 13) and 204.502 (1998 January 14) days from the origin of the seismic sequence. The correlation coefficient of the fitted line is r=0.999. behaviour of the series.
In the present case, we performed a simulation of the release of energy using the earthquakes that occurred prior to a moment 30 days prior to the real occurrence.
The time in advance that the simulation can be performed is governed by the behaviour of the seismic series, and by the data available at a given moment. It is therefore not possible to offer a fixed length of time in which to make the predictions.
The conditional geostatistical simulation method is an adequate method with which to calculate the likelihood of occurrence of an earthquake whose magnitude is lower than or equal to a threshold value, starting from the knowledge of earthquake data that occurred prior to a given moment. The lower limit in the required number of earthquakes is governed by the range of the maximum variability among the data, or equivalently, the absence of correlation among data. This fact is reflected by the existence of the variogram function. Each case must be considered individually, but from previous experience with another seismic series (Torcal et al. 1996) it is possible to say that it is necessary to know at least about 40 data for the variogram to be robust and reliable. As Eneva (1996) states, it is also important to consider that small data sets can be effectively used to observe temporal variations in the scaling properties that may be associated with the occurrence of larger events.
The stochastic analysis of dissipation of seismic sequence energy by means of the so-called energy packages allows us to perform a reliable estimation of the energy that remains to be Note: The calculated energy in the first column appears in bold type, released in the last package to be considered, knowing the as does the real energy that was actually released in the second data from previous packages. time estimation of the possible next earthquake of a seismic series. It is based on the knowledge of leaps in the energy data be possible to predict with a certain accuracy the behaviour during the development of the seismic series. We need to have of a seismic sequence, given knowledge of a number of earthdata from some earthquakes that have occurred previously. In quakes occurring up to a given moment. This can be achieved the Alborán Sea seismic sequence (1997 June 24-?), the length when the seismic series evolution follows the same pattern as it has had previously; that is, we cannot foresee sudden changes of time intervals between leaps of energy increases over time. The methods used in this study have their reliability governed We would like to thank the two anonymous reviewers for their contributions to improving this paper. by the good quality of available data, and by their correct treatment. We must not include odd influences on the data
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Note: For each case, the energy previously calculated appears at the bottom of the column (D), and the energy that was actually released appears in the next column (A). For clarity the corresponding energies are shown in bold, italic and underlined type.
